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Emphasis on participatory medicine requires that patients and consumers participate in tasks tradition-
ally reserved for healthcare providers. This includes reading and comprehending medical documents,
often but not necessarily in the context of interacting with Personal Health Records (PHRs). Research
suggests that while giving patients access to medical documents has many beneﬁts (e.g., improved
patient–provider communication), lay people often have difﬁculty understanding medical information.
Informatics can address the problem by developing tools that support comprehension; this requires
in-depth understanding of the nature and causes of errors that lay people make when comprehending
clinical documents. The objective of this study was to develop a classiﬁcation scheme of comprehension
errors, based on lay individuals’ retellings of two documents containing clinical text: a description of a
clinical trial and a typical ofﬁce visit note. While not comprehensive, the scheme can serve as a founda-
tion of further development of a taxonomy of patients’ comprehension errors. Eighty participants, all
healthy volunteers, read and retold two medical documents. A data-driven content analysis procedure
was used to extract and classify retelling errors. The resulting hierarchical classiﬁcation scheme contains
nine categories and 23 subcategories. The most common error made by the participants involved incor-
rectly recalling brand names of medications. Other common errors included misunderstanding clinical
concepts, misreporting the objective of a clinical research study and physician’s ﬁndings during a
patient’s visit, and confusing and misspelling clinical terms. A combination of informatics support and
health education is likely to improve the accuracy of lay comprehension of medical documents.
Published by Elsevier Inc.1. Background personal health record,’’ caution Brennan et al. ‘‘carry an implicit1.1. Introduction
Today’s emphasis on participatory medicine calls for patients to
take an active role in their healthcare. This requires that lay indi-
viduals participate in tasks traditionally reserved for health care
providers. In particular, patients and families are expected to inter-
act with a large number of health and medical documents. While
some of these documents, such as those found on patient educa-
tion websites and informed consent forms, are written speciﬁcally
for lay health consumers, others, such as medical records, are not.
There is a growing emphasis on Personal Health Records, which
can contain electronic documents helping patients both to keep
abreast of and to contribute to the information ﬂow of the health-
care process. At the present time, there is no consensus as to what
a PHR should contain, but it is expected that in the future most
PHRs will provide access to fragments or whole documents
authored by clinicians [1]. ‘‘Current conceptualizations of theInc.
ialized Information Services,
d., Suite 510, Bethesda, MD
man).expectation that a person (clinician, patient, parent) must literally
read, then process the speciﬁed content of the record.’’ [2] While
the usefulness of enabling patient access to medical documents de-
pends on patients’ ability to understand clinical content, literature
offers little discussion of lay comprehension accuracy and errors in
the context of such documents. The only exception is studies of pa-
tients’ comprehension of informed consent, reviewed below.
This paper analyzes comprehension errors that lay people make
when reading examples of two document types, a description of a
clinical trial and a physician’s visit note, and proposes a classiﬁca-
tion scheme for these errors. Understanding categories and causes
of lay comprehension errors is essential for development of infor-
matics support for the task and designing useful, usable PHRs.
1.2. Patients’ experience with PHRs and EHRs
Anultimate tool inpatient empowerment is a PersonalHealthRe-
cord (PHR), a tailored variant and document subset of the Electronic
Health Record,with the patient as an intended co-creator anduser of
the content. Numerous commercial companies and research groups
are developing PHR models and applications (e.g., [3,4]). The
assumption is that participating in creating, managing and using
their health information increases individuals’ health knowledge
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being’’ [5]. Although this study does not speciﬁcally focus on PHR
comprehension errors, the two documents it employs are represen-
tative of the content and level of complexity of PHR information. This
suggests that (1) PHR research can help formulate the framework for
studying lay errors in understandingmedical documentation and (2)
a study of lay comprehension ofmedical documents canmake a con-
tribution to the PHR discourse. The current PHR research agenda
focuses on issues of architecture, attitudes and adoption among pro-
viders and patients, and related privacy and security concerns [6].
However, the problem of supporting patients in the potentially chal-
lenging task of co-authoring and using a professional medical docu-
ment receives limited attention. This is despite the fact that most
PHR models are highly complex. The HIMSS Minimum Data Set for
PHRs recommends including data from clinical summaries (i.e., ac-
tive andhistorical prescriptions; current OTCmeds; allergy informa-
tion, diagnoses; problem limits; immunization status); results and
reports; and histories (immunization, past medical, past surgical,
family and social) [7]. Marshall, of WebMD, adds to this list special-
ized types of medical images, such as X-rays and mammograms, as
well as EKG readings and even DNR directives [8].
Physicians have raised concerns about the accuracy of patient-
contributed PHR data; even among those willing to use PHRs, 71%
said in one recent study that they were ‘‘somewhat or very’’ con-
cerned that the PHR might contain incorrect information [9]. How-
ever, few studies provide insight about this problem, or the degree
to which patients comprehend the information they have read that
was authored by health professionals. Wuerdeman and colleagues
[10] studied the accuracy of information that patients contributed
to their Electronic Health Records. Patient-reported data about med-
ical tests and results were compared against the data entered by
health care providers into the EHR. When patients were asked
whether a speciﬁc test had been performed for them, the match be-
tween their response and the providers’ entry ranged from78% (proc-
toscopic exam) to 90% (stool test). The range for test values was
slightly lower, with matches as low as 70% for LDL (within 10 points)
to 88% for total cholesterol (within 20points). Dependingon the read-
er’s perspective, these ﬁndings may suggest that patients’ recall of
information is mostly accurate, or often inaccurate. However, these
authors also ﬁnd that patients are often able to provide valuable
information that is not in the EHR, concluding that patient entry con-
stitutes a viable, if not always accurate, source of information.
Kim and Johnson also evaluated patient accuracy in a different
kind of study. Their patient participants manually entered informa-
tion into PHRs that they extracted from transcripts with clinical con-
tent, such as clinic notes,medications lists, and laboratory test results
[11]. This resulted in spelling errors, a surprising ﬁnding because
these subjects were expected to have familiarity with the medical
terminology used in their diagnostic domain. Besides these errors,
Kimand Johnson found inconsistencies in the typeof content that pa-
tients considered important to enter in their PHRs; these inconsisten-
cies relate to the deeper challenges of scientiﬁc literacy. Speciﬁcally,
the subjects in this study were found to have entered extraneous
information – particularly in the free-text sections of the PHR – but
also to have omitted quantitative information. Each of these prob-
lems has implications for data quality and data processing of PHRs.
In another study conducted in the same setting, Kim et al. [12] con-
cluded that ‘‘Low health literacy . . . was also an important factor that
limited PHIMS [Personal Health Information Management System]
use. Some users . . . commented that they preferred to use it with a
nursing student who could provide explanations for them to under-
stand their health information.’’ Tran et al. also identiﬁed ‘‘problem-
atic jargon’’ during prototype testing of a PHR [13], and Lober et al.
found that overall health literacy,manifest by questions about condi-
tions, medications, terminology, and more, presented a barrier to al-
most of third of their subjects [14]. Britto et al. [15], testing a pediatricpatient portal for parents, reported participants who did not recog-
nize abbreviations (‘‘Fe’’ for iron) and did not knowwhat a pathology
reportwas. Jargon translations, medical interpretations and explana-
tions, particularly for labs, were ‘‘often requested’’ by subjects.
The level of accuracy of patients’ self-report of their medical
history found by Wuerderman et al. [10] is consistent with that
found in non-EHR-related studies of patients’ self-report [16–18].
For example, Khoja and colleagues [17] found that patients’ self-re-
ported history of colorectal cancer screening was in good agree-
ment with their physicians’ reports. Collectively, these studies
suggest that patient-generated information constitutes potentially
very valuable, if not error-proof, contribution to the PHRs.
With regard to patients’ use of the records authored by health pro-
fessionals, research suggests some positive effect on doctor–patient
communication and patient satisfaction [19,20]. Less is known about
the particulars of patients’ use of the records, as well as speciﬁc difﬁ-
culties that patients may experience. Keselman and colleagues [21]
surveyed 104 patients about their experience reviewing their health
records (paper or electronic), including the ease of comprehension.
These patients reported that the sections they found the easiest to
understand were immunization records, medication lists and dis-
charge summaries (respectively rated as ‘‘easy’’ by 80%, 71% and
63% of the respondents who answered that particular question).
The sections consideredmost difﬁcult to understandwere physicians’
notes, radiology reports and nurses’ notes (rated as ‘‘easy’’ by 36%,
45% and 47% of responders). Qualitative analysis of narrative com-
ments provided some insight into barriers to successful use of re-
cords. These included, in the order of frequency: problems with
records access, lack of conceptual knowledge, problemswithmedical
language (e.g., terminology), poor data quality in the records, and dif-
ﬁculty dealing with the records’ structure, organization, and lack of
standardization. Similarly to Wuerdeman et al. [10] this study sug-
gests that patients’ participation in recordsmaintenance is important,
and that problems with comprehension exist and need addressing.
Several authors note that despite potential beneﬁts, patients’
engagement with EHRs and PHRs is relatively low (for review, see
Archer et al. [22]). One barrier to adoption, identiﬁed in the research
literature on PHRs, is terminology. Clinical content iswritten in clin-
ical terminology. Decades of research focusing on encounters be-
tween patients and provider-held records have demonstrated that,
for some patients, medical terminology presents an obstacle to-
wards effective understanding of clinical content. As Lee et al. ex-
press it: ‘‘If users cannot understand the content, such contents
are useless’’ (S 313) [23]. The comprehensive review of PHRs’ evi-
dence base compiled by Marchionini et al. [24] identiﬁes terminol-
ogy as one of three necessary types of ‘‘experience’’ for PHR users.
Maloney and Wright further comment that patients who do not
understand their conditiondo not produce complete records of their
condition, although the physician may incorrectly perceive such re-
cords as complete [25]. Although the review presented in this sec-
tion suggests that terminology is not the only barrier to patients’
user of PHRs, as other aspects of health literacy and scientiﬁc literacy
are often part of the problem, informatics’ response has been pri-
marily in the area of vocabulary support. Baorto and Cimino [26]
developed an ‘‘infobutton’’ application that produces explanations
of medical terms in Pap smear reports and links patients to free rel-
evant web resources. Zeng-Treitler and colleagues [27] developed a
prototype EHR translator which identiﬁes and replaces medical
terms that are difﬁcult for consumers. Extra-terminological ap-
proaches for supporting patients include bundling PHRswith health
educationmaterials andproviding tools for decisionmaking/risk ap-
praisal [28,29]. For example, Adnan et al. [30] developed a tool that
identiﬁes difﬁcult terms in discharge summaries and hyperlinks
them to consumer-friendly MedlinePlus pages. Further research
and development of interventionswould beneﬁt fromadditional re-
search on patients’ comprehension of EHR and PHR content.
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As the informed consent document is the only type of medical
text of which patients’ comprehension has been studied exten-
sively, studies of informed consent comprehension merit our spe-
cial attention. Many of these works focused on consent to clinical
trials; others studied consent to standard care procedures. Like
other medical texts, informed consent forms typically score above
the 6–8th grade readability level recommended for patient educa-
tion documents. For example, after reviewing informed consent
templates on IRB websites of 114 US medical schools, Paasche-Or-
low and colleagues [31] found that the average readability level
was 10.6 according to the Flesch-Kincaid formula. This average ac-
tual readability level exceeded the typical IRB-recommended score
by 2.8 grade levels. These high reading level scores can in part be
explained by the conceptual complexity of the medical content of
the informed consent document: describing complex medical pro-
cedures at the 8th grade level is challenging. In addition, the in-
formed consent document suffers from an ‘‘identity crisis’’. On the
one hand, its goal is to provide patients with clear, complete, accu-
rate information about the treatment or trial in question, as well as
the alternative care options. On the other hand, the informed con-
sent is also a legal document, conceived as the evidence in a poten-
tial litigation process, whichmakes it long and anything but simple.
As could be expected given these constraints, informed consent
documents are difﬁcult for patients to understand and remember.
Joffe et al. [32] administered an informed consent understanding
questionnaire to 207 adult cancer patients enrolled in a clinical
trial. They found that 63% of the responders did not fully under-
stand the risks involved and 70% did not understand the uncertain
nature of the treatment. In contrast, participants’ subjective per-
ception of their level of understanding was high – 90% considered
themselves well-informed. Findings of low recall and comprehen-
sion coupled with high satisfaction with the consent process are
echoed in other studies. In a study comparing two informed con-
sent formats, Olver et al. [33] found that 49–51% of cancer patients
receiving chemotherapy for the ﬁrst time could not correctly recall
the number of drugs they received, and 45–55% did not correctly
recall the treatment goal. Most patients were satisﬁed with their
understanding of chemotherapy, although less than half read all
the information provided. Unfortunately, we were not able to ﬁnd
published studies that attempted to classify the broad range and
causes of speciﬁc errors in informed consent comprehension. For
example, while Joffe et al. [32] asked patients to agree or disagree
with (accurate) statements about the clinical trials in which they
participated, they did not probe for the speciﬁc misconceptions
underlying disagreement. Similarly, while Olver et al. [33] mention
that patients in their study were asked to name the chemotherapy
drugs that they received, these authors do not provide details
about which names were most likely to escape recall. Both studies
also limited their scope to a few easily quantiﬁable variables.
Given all the difﬁculties in understanding informed consent, it is
not surprising that a large number of studies have attempted to
identify ways to improve consent documents. Unfortunately, the
results aremixed at best. In 2004, Flory and Emanuel [34] published
a systematic review of 42 clinical trials of interventions designed to
improve ‘‘research participants’ understanding of informed consent
in research.’’ Interventions described in this review fell into the fol-
lowing ﬁve categories (numbers in parentheses indicate total num-
ber of studies in that category, as well as the number of studies
reporting signiﬁcant comprehension improvement):
(1) Multimedia interventions [12 studies].
(2) Enhancedcontent, length,writing style or format [15 studies].
(3) Extended discussion [5 studies].
(4) Test/feedback [5 studies].(5) Miscellaneous [5 studies].
Signiﬁcant improvement in understanding was demonstrated in
only 3 out of 12 multimedia trials (25%), 6 out of 15 enhanced con-
sent forms trials (40%), and 3 out of 5 extended discussion trials
(60%), with the remaining two extended discussion trials showing
trends towards improvement.All test/feedback trials (100%) showed
signiﬁcant improvement in comprehension, but according to Flory
and Emanuel [34], it is possible that outcome measures of these
studies tapped route memorization rather than genuine compre-
hension. At face value, it appears that simply editing the document
or converting the text into amultimedia formatdoesnotwork. Inter-
ventionswith the greatest promise for improvement inpatient com-
prehension are the ones most difﬁcult to implement, because they
require one-on-one discussion of the protocol between a potential
participant and a trial team member. Moreover, even this level of
individualized support may not produce genuine comprehension.
Attempts to improve patients’ informed consent to standard,
rather than experimental, treatments (e.g., non-experimental oral
surgery, anesthesia, or chemotherapy)have similarly limited impact
on recall and comprehension. For example, in a study mentioned
earlier, Olver et al. [33] found that presenting chemotherapy infor-
mation on a CD-ROM rather than on a written consent form ‘‘did
not improve cancer patients’ recall of treatment information enough
to warrant changes in consent procedures.’’ In a similar study in the
orthodontics domain, Kang et al. [35] found that improving read-
ability of informed consent had little effect on its recall and compre-
hension, although the addition of a narrated Power Point slide show
did produce improvement. However, just like the chemotherapy pa-
tients researched by Olver et al. [33], participants in the narrated
slide show condition overestimated their understanding.
In summary, informed consent forms are often written above the
6–8th grade readability level recommended for consumer health
materials. Studies of patients interacting with these informed con-
sent forms suggest that many participants do not fully understand
important aspects of clinical trials and standard care procedures,
and overestimate their level of understanding. Attempts to increase
understanding have mixed results. Improving the readability and
the format of the text itself appears to be of limited effectiveness.
Findings of the effectiveness of one-on-one discussions andmultime-
dia interventions are somewhat ambiguous, due to the methodolog-
ical ﬂaws of the studies. While informed consent studies identify a
variety of aspects of clinical trials that patients have difﬁculty com-
prehending, they do not provide systematic information about the
causes and the speciﬁc nature of patients’ comprehension errors.
1.4. Taxonomies of errors in healthcare
Literature reviewed in the previous sections suggests that errors
in lay comprehension of medical documents are common. Classiﬁ-
cation of these errors would help health educators to understand
their causes and ultimately, develop comprehension support tools.
Wewere not able to ﬁnd any published taxonomies or classiﬁcation
schemes or errors that patients/consumers make when interacting
with health information. Medical errors literature provides numer-
ous examples of classifying mistakes of health professionals. These
classiﬁcations are usually not grounded in any theoretical frame-
work. Instead, they serve as a basis for error reporting systems,
and thus reﬂect reporting needs of speciﬁc areas of specialization
and institutions. Some specializations, such as family practice, nurs-
ing, or primary care, are broad [36–38] and characterized by a
reasonably extensive amount of classiﬁcation work; others, such
as pediatric prescribing, are narrow and not well developed [39].
In addition to varying according to the area of specialization, the
classiﬁcation schemes differ in the dimensions along which the
classiﬁcation is conducted.
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interest: (1) things that go wrong, and (2) reasons why this hap-
pens [40]. Within each specialization, things that go wrong can
be described in terms of the clinical procedure or stage of care
(e.g., surgery, post-operative care), severity, physical location, and
many other attributes. In recent years, there have been several ef-
forts to standardize classiﬁcation of medical errors, while making
them comprehensive and theory-based. JCAHO proposed a taxon-
omy that classiﬁes errors along ﬁve dimensions:
– Impact (e.g., psychological, physical, economic).
– Type (communication, patient management, clinical
performance).
– Domain (physical setting, staff involved, patient characteristics).
– Cause (organizational, technical, human).
– Prevention/mitigation [40].The JCAHO classiﬁcation is an attempt to develop a standardized
format that can serve as a backbone onto which terminologies used
by different electronic systems can be mapped. A classiﬁcation of
this type also provides a solid basis for studying and preventing
medical errors. In a different attempt to provide theoretical basis
for a study and prevention of medical errors, Zhang and colleagues
[41] proposed a cognitive taxonomy, classifying errors along two
dimensions. The ﬁrst can be described as cause/intentionality:
‘‘slips’’, or incorrect executions of correct steps, are contrasted with
‘‘mistakes’’, or correct executions of incorrect steps. The second is
the phase of the action process: execution slips occur during goal
formulation and action speciﬁcation; evaluation slips occur as re-
sults of actions are perceived and interpreted.
Review of taxonomies of medical errors reveals that classiﬁca-
tion systems depend on their purpose/function, as there are many
possible and useful ways to partition the data. Beyond that, how-
ever, because these taxonomies derive from analysis of profes-
sional activity, they are not useful for classifying lay errors in
processing medical documents. Some insight about the nature
and types of difﬁculties that lay readers are likely to experience
can be obtained from studies of health literacy. For example, Chan
et al. [42] propose a two-dimensional taxonomy of eHealth liter-
acy, which classiﬁes eHealth tasks according to (1) complexity of
cognitive processes and (2) dimensions of literacy that are in-
volved. Complexity is based on the level of cognitive effort; for
example, applying and analyzing information is considered more
complex than understanding it. Literacy dimensions involve com-
puter, information, media, traditional literacy and numeracy, sci-
entiﬁc, and health literacies. Of these, traditional literacy and
numeracy, scientiﬁc and health literacy (which includes knowl-
edge of medical terminology) are likely to be the dimensions most
relevant to understanding lay errors in comprehending medical
documents. Unfortunately, of these, scientiﬁc and health literacy
themselves are concepts without agreed-upon, solid conceptual
deﬁnitions. More work exists in the domain of health numeracy,
with studies focusing on lay adults’ abilities to perform basic calcu-
lations, understand risk and statistics, comprehend different num-
ber formats (e.g., simple fractions vs. frequencies), and interpret
different graphical representations of numerical data [43].
1.5. Speciﬁc research objectives
Our intentwas to develop a data-driven scheme, based on partic-
ipants’ comprehension of twodocuments. These documents are rep-
resentativeof the types ofmedical texts that arenot onlynotoriously
challenging, but important for patients’ participation in their care.
Just as the medical error taxonomies reported above rely on clinical
activity and experience, our scheme is driven by the experience and
activity of laypeople/consumers, interactingwith real clinical docu-
ments. Research focused on supporting patients’ comprehension ofmedical documents, such as patient records or description of clinical
trials, would beneﬁt from a study of the speciﬁc nature of compre-
hension errors. The objective of this exploratory studywas to devel-
op a classiﬁcation scheme of comprehension errors, based on lay
individuals’ retellings of two medical documents: a description of
a clinical trial and a cardiology ofﬁce visit note. Developing a com-
prehensive taxonomy of patients’ and consumers’ errors in compre-
hendingmedical documentswas beyond the scope of thiswork. This
project was intended to (1) demonstrate that such development is
feasible, (2) outline a set ofmethods suited to the task, and (3) devel-
op a scheme that could provide a foundation for the taxonomy.
2. Methods
2.1. Participants
The study involved 80 participants, all staff, faculty or under-
graduate or graduate students at the University of Wisconsin–Mad-
ison. All participants were native English speakers. They were
recruited via campus ﬂiers and newspaper advertising (40 partici-
pants), or via an in-class announcement in a graduate course in li-
brary and information studies (40 participants). All participants
received $25 bookstore gift cards for participation. The study was
approved by the Social Sciences Institutional Review Board of the
University of Wisconsin–Madison on February 23, 2007. All partic-
ipants completed an anonymous questionnaire that included
demographic questions (gender, age, racial/ethnic characteristics,
educational level, and work experience) as well as self-assessment
questions of biomedical understanding and knowledge about dia-
betes mellitus (Table 1). Subjects self-rated their biological knowl-
edge on a scale on a scale from 1 (‘‘I rarely read texts on biomedical
topics’’) through 4 (‘‘I read and understand general medical arti-
cles’’) and self-rated their knowledge about diabetes mellitus on a
scale from 1 (‘‘very little’’) to 5 (‘‘a good deal’’) (see Table 1 legend).
2.2. Content analysis
Content analysis has been deﬁned as ‘‘A group of for-
mal . . . techniques used to analyze texts’’ [44]. It is a method fre-
quently used in studies where text is the data of interest, for
example, patient–physician email and web-based messages in
PHRs (for a review see [45]); Web-based and print-based con-
sumer-authored content [46,47]; the published literature of medi-
cine [48]; and transcribed interviews [49].
In the research literature of medical records and clinical docu-
mentation, the focus of content analysis has most often been on
material authored by health professionals and of which patients
are the subjects, not the authors; for example, studies of contracep-
tive use and its presence in the medical records of teenagers
requesting an abortion [50]; cultural background of patients in
documentation [51]; and connections to end-of-life care docu-
mented in ICU forms [52].
Content analysis is also done in usability studies; for example,
Haas et al. [53] researchedphysicianusers’ perceptionsof theusabil-
ity of an electronic clinical note. From the patient perspective, Arar
et al. [54] interviewed veterans about their experiences using the
Surgeon General’s online Family Health History tool. Ayana, Pound
and Ebrahim used focus groups of therapists to gather opinions
about theusefulness of a patient-held record for strokepatients [55].
Three studies were found in the medical literature that used con-
tent analysis as a tool to understand medical records from the pa-
tients’ or lay person’s viewpoint. In these studies, it was patients’
opinionswhichwereof interest andnot the records themselves.Wibe
et al. [56] interviewed 17 patients to understand their feelings about
requesting and reading a copy of their medical record. Content anal-
ysis was used to explore themes in their narrative. Bhavnani et al.
Table 1
Characteristics of participants.
Variable Values
Gender (n, %)
Female 64 (80)
Male 16 (20)
Age (years), n (%)
<30 56 (70)
30–39 10 (12.5)
40–49 8(10)
50–65 4(5)
>65 1 (1.25)
No response 1 (1.25)
Education level attaineda, n (%)
High school 10 (12.5)
College degree 46 (57.5)
Master’s 21 (26.25)
>Master’s 3 (3.75)
Degree type, n (%)
Health-related 4 (5)
Non-health-related 71 (88.75)
No response 5 (6.25)
Biomedical knowledgeb
Mean (SD) 2.06 (1.06)
Diabetic knowledgec
Mean (SD) 2.54 (1.25)
a Of highest degree attained.
b On scale from 1 (‘‘I rarely read texts on biomedical topics’’) through 4
(‘‘I read and understand general medical articles’’).
c On a scale from 1 (‘‘very little’’) to 5 (‘‘a good deal’’).
1 This section describes the original versions of each document. Modiﬁed
documents presented to participants in Conditions 2–3 included the same content,
but also vocabulary deﬁnitions that appeared in balloons over difﬁcult words, as these
words were moused over. Versions presented to participants in Condition 4 included
some additional information, and in the case of the Visit Note, additional subsections
within document sections.
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ing patients in the UK about their access to their electronic medical
record [57]. Rassin et al. used content analysis to better understand
28 cardiac patients’ management of their medical documents [58].
There is precedent in the medical literature for using content
analysis to inform development of taxonomies; for example, Sa-
boor and Ammenwerth [59] and an error categorization for infor-
mation and communication systems in hospitals, and Whitson
et al. who worked with patients in rehabilitation clinics to create
a taxonomy of comorbidities and their effects [60].
2.3. Procedure
Each participant in the study read two documents, a description
of a clinical trial and a sample ofﬁce visit note. The error analysis
which is the focus of this paper (described below) was conducted
in conjunction with an intervention study, reported elsewhere
[61]. The intervention had four conditions. Participants in Condi-
tion 1 read the documents in their original, unaltered form (see
’’Document Types’’ below); Participants in Conditions 2 and 3 read
versions that included two different types of vocabulary support
for difﬁcult terms; Participants in Condition 4 read versions that
were edited/rewritten to enhance the documents’ coherence, or
connectedness of ideas. The objective of the intervention was to
achieve improvement in completeness (as measured by the num-
ber of sentence clauses recalled) and accuracy (as measured by
the number of errors) of texts’ recall in two of the four conditions.
As the results of the intervention analysis demonstrated some ex-
pected improvement in recall completeness, but not in accuracy
(the number of errors), the four conditions were combined for
the current analysis. The rest of this section reports the procedure
without making reference to participants’ conditions; the ﬁndings
are also reported in aggregate form across the conditions.
Participants worked on individual computers; a research assis-
tant was present at all times, ensuring that work was done individ-
ually. The order of presentation of the Clinical Trial and Visit Note
documents was randomized among participants. After completingthe anonymousdemographic questionnaire describedabove, partic-
ipants read their ﬁrst document on the computer screen. After a
waiting period of 10 min, they wrote their recollection of the docu-
ment’s text using Microsoft Word. Participants were instructed to
retell the document as if sharing its information with a person
who had never seen it before. This procedure was then repeated
for each subject’s second document.
2.4. Documents1
The documents chosen for presentation to study participants
were selected because they are representative of those that pa-
tients are likely to encounter when they participate in clinical trials
and navigate ‘‘tethered’’ PHRs.
The ﬁrst, the Clinical Trial (Box 1), was adapted from a record
found at ClinicalTrials.gov, the largest existing database of clinical tri-
als, maintained by the National Library of Medicine (database trial
identiﬁcation NCT00481598). One motivation behind creating Clini-
calTrials.gov’s database was the desire to make clinical trial informa-
tion ‘‘available to individualswith serious or life-threateningdiseases
and conditions, to other members of the public [emphasis ours—
Authors], to health care providers, and to researchers’’ and available
‘‘in a form that can be readily understood bymembers of the public.’’
Clinical trial recordsoftenconstitutepatients’ﬁrst encounterwith the
information about a medical study of potential interest, and are read
withoutahealthprofessional’s assistance. Thismakes themappropri-
ate for a study assessing consumer text comprehension. This particu-
lar trial recordwas selectedbecause it involvedacommondiagnosis—
diabetes – and included a description of the trial’s purpose (Box 1).Box 1 Clinical Trial document.
NCT00481598 Non-Invasive Assessment of Liver Glyco-
gen Kinetics in Type1 Diabetics
Patients with Type 1 diabetes suffer from impaired post-
prandial hepatic glycogen storage and breakdown, if they
are under poor glycaemic control. Poor glycogen storage
in the liver puts these patients at risk of fasting hypoglyce-
mia. Amelioration of glycaemic control could improve
these abnormalities and thereby reduce the risk of hypo-
glycemia in these patients. The ‘‘gold standard’’ technique
for the assessment of hepatic glycogen metabolism in
humans, 13C magnetic resonance spectroscopy (13C-
MRS), is expensive and limited to a few centers worldwide.
Aim 1 of our project is to establish a new assessment
method for glycogen metabolism. This new method is
based on oral administration of 2H2O and acetaminophen.The second document, a Visit Note (Box 2), was selected be-
cause it addresses several health concerns of general interest to
the public. The scoping review of Archer et al. identiﬁes ‘‘notes’’
as a data source recommended for inclusion in PHRs at the recom-
mendation of the American Medical Informatics Association’s Col-
lege of Medical Informatics [22]. The US Military Health System
piloted a PHR in partnership with two commercial products,
Microsoft HealthVault and Google Health (now defunct);
HealthVault allows for transfer of CCR and CCD standard docu-
ments from EHRs, and the Military Care PHR featured inpatient
notes and outpatient encounter notes [62].
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ymous patient described has multiple problems, the Visit Note also
incorporates cardiology. This Visit Note included ﬁve sections: (a)
History of present illness; (b) Physical examination; (c) Medications;
(d) Diagnoses, and (e) Plan. Previous research into a large dataset of
electronic medical record documents conducted by the second
author validates that these ﬁve sections were found in 37–78% of
notes in the University of Pittsburgh Medical Center’s MARS system
[63]. TheNotewasobtained fromMedicalTranscriptionSamples.com,
an online collection of transcripts for medical transcriptionist train-
ing. A nurse practitioner and a physician read the document and con-
ﬁrmed that it was representative of an ofﬁce visit note.Box 2 Visit Note document.History of Present Illness:
This 66-year-old white male was seen in my office on Month
DD, YYYY. Patient was recently discharged from Doctors
Hospital at Parkway after he was treated for pneumonia.
Patient continues to have severe orthopnea, paroxysmal
nocturnal dyspnea, cough with greenish expectoration.
His exercise tolerance is about two to three yards for short-
ness of breath. The patient stopped taking Coumadin for
reasons not very clear to him. He was documented to have
recent atrial fibrillation. Patient has longstanding history of
ischemic heart disease, end-stage LV systolic dysfunction,
and is status post ICD implantation. Fasting blood sugar
this morning is 130.
Physical Examination:
VITAL SIGNS: Blood pressure is 120/60. Respirations 18
per minute. Heart rate 75–85 beats per minute, irregular.
Weight 207 pounds.
HEENT: Head normocephalic. Eyes, no evidence of ane-
mia or jaundice. Oral hygiene is good.
NECK: Supple. JVP is flat. Carotid upstroke is good.
LUNGS: Severe inspiratory and expiratory wheezing
heard throughout the lung fields. Fine crepitations heard
at the base of the lungs on both sides.
CARDIOVASCULAR: PMI felt in fifth left intercostal space
0.5-inch lateral to midclavicular line. First and second
heart sounds are normal in character. There is a II/VI sys-
tolic murmur best heard at the apex.
ABDOMEN: Soft. There is no hepatosplenomegaly.
EXTREMITIES: Patient has 1+ pedal edema.
Medications:
1. Ambien 10 mg at bedtime p.r.n.
2. Coumadin 7.5 mg daily.
3. Diovan 320 mg daily.
4. Lantus insulin 50 units in the morning.
5. Lasix 80 mg daily.
6. Novolin R p.r.n.
7. Toprol XL 100 mg daily.
8. Flovent 100 mcg twice a day.
Diagnosis:
1. Atherosclerotic coronary vascular disease with old myo-
cardial infarction.
2. Moderate to severe LV systolic dysfunction.
3. Diabetes mellitus.
4. Diabetic nephropathy and renal failure.
5. Status post ICD implantation.
6. New onset of atrial fibrillation.
7. Chronic Coumadin therapy.
Plan:
1. Continue present therapy.
2. Patient will be seen again in my office in 4 weeks3. Coding and analysisical Informatics 45 (2012) 1151–11633.1. Coding procedure
Authors CAS and AK jointly read all retellings written by the
participants, marking any errors that distorted the meaning of
some statement in the original document, or that made a claim
not supported by the original document. In this ﬁrst round, the
authors erred on the side of over-extraction, marking anything that
could potentially constitute an error. They then conducted several
joint rounds of review and discussion, turning to reference litera-
ture and consulting a clinician about contentious cases. Inferences,
deﬁned as statements that were not made in the original texts, but
could be viewed as reasonable conclusions from the text, were not
counted as errors. The ﬁnal error list consisted of 157 Clinical Trial
and 220 Visit Note errors. CAS and AK jointly developed the error
classiﬁcation scheme using a grounded theory approach [64]. The
approach involved conducting several iterative reviews of the er-
rors for each document type, while assigning data-driven descrip-
tive labels and grouping and re-grouping related errors into
categories. The procedure started with top-level codes (e.g., Find-
ings) in the early iterations, with the development of sub-codes
(e.g., Finding Inaccurately Reported, Finding Non-sensical) in later
iterations. After the process was performed for each document
type separately, a joint classiﬁcation scheme was developed by
merging the two (Table 2).
Next, AK and CAS jointly coded the retellings, resolving dis-
agreements via discussion. The coding procedure allowed applying
multiple codes to a single error statement (e.g., Finding, inaccurately
reported could also be coded as Clinical concept, incorrectly ex-
plained), and 2 of 157 Clinical Trial errors and 8 of 220 Visit Note
errors were assigned two codes. When judgments required special-
ized clinical knowledge, such as in the case of clinical concepts,
ﬁndings, and diagnoses, a clinician reviewed the coding. If the cli-
nician suggested changes, these changes were made, which re-
sulted in seven corrections in the researchers’ original codes.
Finally, to assess inter-rater reliability of the procedure, two coders
independently coded 5 Clinical Trial and 5 Visit Notes protocols,
which included 15 and 17 errors, respectively. Several months
passed between the initial coding and the inter-rater reliability
check, making it highly unlikely that the coders could simply recall
their original codes. Based on Neuendorf [65] and Potter and Le-
vine-Donnerstein [66] guidelines for assessing inter-rater agree-
ment in content analysis, simple percent agreement was used as
the inter-rater reliability measure. Agreement level was accept-
able, 93% for Clinical Trial and 82% for Visit Notes. Disagreements
were resolved through discussion.
4. Results
Number of errors in each error subcategory and the number of
participants who made those errors are presented in Table 3.
4.1. Examples of errors in each category
Qualitative analysis of the errors is presented below.
4.1.1. Errors in describing clinical concepts, CC
4.1.1.1. Clinical Trial (35 errors, made by 25 participants, or 31% of all
participants). Errors in this category involved incorrect explana-
tions of some clinical concepts from the original texts. Many incor-
rect explanations concerned the nature of diabetes and the
function of the liver, and the pertinence of liver functioning to dia-
betes (glycogen metabolism). For example, with respect to explain-
ing the nature of diabetes, two participants stated that it was ‘‘a
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lism. Another participant wrote that ‘‘some diabetics have a liver
disease,’’ while another suggested that diabetes damages the liver.
Several stated that the function of the liver is to produce either glu-Table 2
Lay error classiﬁcation scheme, on the basis of participants’ retellings of two documents.
Categories and subcategories Ex
Clinical concepts
Clinical concept, incorrectly explained (CC) – Incorrect explanation of a disease
mechanism or biological process or concept
‘‘i
ce
Clinical research
Research purpose, inaccurate (RPI)-Misunderstanding the objective of the clinical
trial, which is to develop a new method for assessing glycogen metabolism in
patients with Type I Diabetes
‘‘t
m
Medications
Medication nature, incorrect (MedNI) – Ascribing an incorrect function to a
medication; calling a non-medicinal substance a medicine
‘‘C
Medication, generic name misspelling (MedGMiss) – Misspelling of a recognizable
generic drug name
‘‘a
Medication, non-prescribed (MedNP) – (1) Non-prescribed medication type,
generic name, or form, (2) a medication purpose not corresponding to any
medications in the documents or (3) a name that looks like a brand name, but
isn’t, and cannot be related to anything in the text
‘‘a
‘‘D
Medication, brand name misspelling (MedBrMiss) – A spelling error in a brand
name that can be corrected by replacing or deleting one letter or switching two
letters with each other
‘‘a
Medication, brand name confusion (MedBrC) – ‘‘Swapping’’ two existing
medications with each other; brand not mentioned in the document, but it does
exist
‘‘F
Medication, partial memory (MedPM) – More than 1 character is incorrect, but the
original brand name mentioned in the document is generally recognizable or
can be inferred
‘‘C
Medication units, incorrect (MedUI) – Test results or medication dosage reported in
the wrong units
Re
Medication regimen, incorrect (MedRI) – Medication regimen/schedule/ dosage
reported incorrectly
‘‘a
‘‘1
Devices
Device, incorrect explanation (DevIE) – Using incorrect device name or
misrepresenting its general purpose
‘‘p
Procedures
Procedure, incorrect explanation (PIE) – Incorrect name or purpose, speciﬁc steps,
or mechanism of a procedure
‘‘d
th
m
Terminology
Clinical term, misspelling (ClinTMiss) – Misspelling of medical and health-related
terms
‘‘a
Terminology confusion (TermC) – Substituting a specialized medical term with
another medical or general term or a non-word that is similar to another
medical or general term, confusing a medical term with a medication name, or
making an error in an abbreviation or acronym; applying an inappropriate
medical term to a contextually relevant description
‘‘d
im
Findingsa
Finding, inaccurately reported (FIR) – Misrepresenting some characteristic of a
ﬁnding reported in the Visit Note, but clinically possible and the original source
is clear
‘‘h
Finding, non-existent (FNE) – Clinically possible, but no clear source in the Visit
Note
‘‘f
Finding, non-sensical (FNS) – Clinically impossible ﬁnding ‘‘t
Diagnosis
Diagnosis, wrong (DiaW) – Attributing as a diagnosis a disease or a condition, not
mentioned in the original document
‘‘p
Diagnosis, inaccurately reported (DiaIR) – Misrepresenting some characteristics of
a diagnosis mentioned in the document
‘‘a
Diagnosis, non-sensical (DiaNs) – Clinically impossible/meaningless diagnosis ‘‘i
Other
Non-existent direction (NEDir) – Inaccurate recall of instructions regarding self-
care and follow up visit
‘‘r
Demographics, inaccurately reported (DemIR) – Incorrect report of patients age/
race
‘‘6
Patient’s circumstances, inaccurately reported (PCircIR) – Inaccuracy in reporting
the details of the patient’s knowledge or time of treatment and visits
‘‘p
a A ﬁnding is a clinically signiﬁcant observation or measure (or set of observations orcose or insulin, and that it is this function that is impaired in
diabetes.
A related, and probably underlying, error involved explanation
of various chemical substances involved in glucose metabolism.amples
nsulin is an enzyme’’; ‘‘diabetes is a disease where the liver can’t produce a
rtain type of sugar’’
he goal is to develop a new treatment for diabetes’’; ‘‘this study develops a new
ethod to diagnose diabetes
oumadin is a sleep medication’’; ‘‘2H2O is a medicine’’
cetominophin’’
ntibiotic,’’ ‘‘aspirin,’’ ‘‘some nasal spray,’’ ‘‘medication for liver functioning,’’
evton’’
mbion’’ or ‘‘ambient’’ for ‘‘ambient’’; ‘‘Coudamin’’ for ‘‘Coumadin’’
lomax’’ for ‘‘Flovent’’
ourdin’’ for ‘‘Coumadin,’’ ‘‘Landin’’ for ‘‘Lantis’’
spiration 18 beats per minute
s needed’’ instead of ‘‘daily’’
000 mg’’ for ‘‘10 mg’’
acemaker’’ for ‘‘ICD implant,’’ ‘‘spectroscopy machine for taking X-Rays’’
etects low level of blood glucose’’ instead of ‘‘measures glycogen metabolism in
e liver,’’ ‘‘this method involves pairing a complex device with a painkiller,’’ by
eans of ‘‘electromagnetic resonance’’ instead of ‘‘magnetic resonance’’
teroscleriosis’’ for ‘‘atherosclerosis’’
iabetic phrenopathy’’ for ‘‘diabetic nephropathy,’’ ‘‘Lasik’’ for ‘‘Lasix,’’ ICV
plant’’ for ‘‘ICD implant’’, ‘‘too much sugar in the blood is called ‘hypoglycemia’’’
ard abdomen’’ instead of ‘‘soft abdomen’’
requent pain’’
rouble breathing a green expectorant’’
atient suffers from neuropathy’’
cute diabetes’’ instead of ‘‘Diabetes Mellitus’’
schemic lung disease’’
eturn to the ofﬁce in a few months’’
0-year old man’’
atient was on a medication, but was not sure what it was treating’’
measures), potentially indicative of an underlying medical problem [67].
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insulin and did not understand that glycogen was a form of glu-
cose, rather than a separate substance involved in glucose metab-
olism. This is exempliﬁed by the following statement from one of
the participants, ‘‘A normal body will after a meal store extra insu-
lin in the muscles and liver as glycogen.’’ Another participant wrote
that ‘‘glucose breaks down consumed calories.’’ Yet another wrote
that in diabetics ‘‘sugar drops after eating.’’
Other errors involved nuanced variations on the ones described
above, such as stating that conversion of glucose to glycogen is
done by ‘‘blood cells.’’
4.1.1.2. Visit Note (18 errors, made by 15 participants, or 19% of all
participants). Errors in this category often had to do with the expla-
nation of cardiovascular functioning and diabetes. Examples of er-
rors in the explanation of cardiovascular functioning involve
equating irregular heartbeat with hurt murmur, stating that the
patient’s heart rate ‘‘was irregular . . . , especially in the lower area
of his heart [bold face ours, for emphasis],’’ or referring to ‘‘the
apex of heart beat’’ and thus misrepresenting the location where
heartbeat was heard best as its characteristic.
Misconceptions in explaining diabetes-related concepts were
somewhat similar to those demonstrated in retelling the clinical
trial. Examples include implying that diabetes was a liver disorder
(‘‘diabetes medications for his liver’’) and misunderstanding the
role of insulin in diabetes, thus making errors when referring to
the two diabetes medications prescribed in the visit (‘‘something
to help with absorption of insulin.’’)
Other errors involved misattributing causality of the processes
described in the note. For example, one participant stated, ‘‘He
had about 18 breaths per minute, for his respiration rate, which
may explain his constant wheezing and also that he quickly be-
comes short of breath.’’ The correctly cited respiration rate of 18
breaths per minute is actually within the normal range. In two
cases, conceptual errors involved misattributing the primary cause
of edema (swelling) in the legs to the patient’s diabetes, pneumo-Table 3
Participant errors, by document and error category.
Coding category Subcategories
Clin. concepts Clinical concept, incorrectly explained
Clin. research Research purpose, inaccurate
Medications Medication nature, incorrect
Medication, generic name misspelling
Medication, non-prescribed
Medication, brand name misspelling
Medication, brand name confusion
Medication, partial memory
Medication units, incorrect
Medication regimen, incorrect
Total for medications
Devices Device, incorrect explanation
Procedures Procedure, incorrect explanation
Terminology Terminology confusion
Findings Finding, inaccurately reported
Finding, non-existent
Finding, non-sensical
Total for ﬁndings
Diagnosis Diagnosis: wrong
Diagnosis: inaccurately reported
Diagnosis, non-sensical
Total for diagnosis
Oher Non-existent direction
Clinical term, misspelling
Demographics, inaccurately reported
Patient’s circumstances, inaccurately reported
a The ﬁrst number is the number of errors of a given type, the second number (in pania, and being overweight. While these may be contributing fac-
tors, the likeliest primary cause in this scenario is cardiac
dysfunction.
A few misconceptions had to do with organs/symptoms/func-
tions unrelated to the heart, breathing or diabetes (e.g., ‘‘The neck
examination was abnormal, probably caused by mucus build
up . . .’’ [Bold face ours, for emphasis]).
4.1.2. Errors in describing research purpose, RPI
4.1.2.1. Clinical Trial (42 errors, made by 41 participant, or 51% of all
participants). This error type was unique to the clinical trial docu-
ment, since this was the only document describing a clinical re-
search study. Forty-two participants incorrectly explained the
purpose of the trial. While the actual objective of the trial was to
test an assessment procedure, 29 participants (36% of all) believed
that this was a treatment trial. As stated by one of the participants,
‘‘This article is about a new technique to help patients with diabe-
tes’ liver process sugar.’’ When describing the purpose of the trial,
participants often used terms such as ‘‘treatment’’ and ‘‘medica-
tion.’’ Statements of ﬁve participants suggested that the trial is
for diagnosing a type of diabetes or ‘‘this condition,’’ such as
‘‘The new assessment they wish to develop, in hope that it would
be more affordable and easily available to diagnose this type of dia-
betes... ‘‘One participant suggested that the trial tested a diagnostic
procedure for liver disease. The remaining erroneous purpose
statements varied. For example, some participants correctly stated
that the trial tests an assessment procedure, but misrepresented
exactly what was being assessed (e.g., ‘‘blood sugar’’). Another sug-
gested that the procedure under investigation was being per-
formed to see ‘‘where the glucose is being stored.’’
Most cases of errors in retelling the purpose of the trial were
unambiguous. However, a few retellings involved seemingly con-
tradictory statements; these participants stated in one sentence
that that the objective of the trial was to develop an assessment
method, and in another sentence, that the purpose was to develop
a new treatment.CT errors (# part)a VN errors (# part) Total errors (# part)
35 (25) 18 (15) 53 (33)
42 (41) 0 42 (41)
2 (2) 1 (1) 3 (3)
19 (19) 1 (1) 20 (20)
3 (3) 14 (12) 17 (13)
0 18 (17) 18 (17)
0 9 (8) 9 (8)
0 24 (16) 24 (16)
0 1 (1) 1(1)
0 1 (1) 1 (1)
24(24) 69 (57) 93 (79)
1 (1) 5 (5) 6 (6)
12 (12) 0 12 (12)
33 (27) 16 (15) 49 (36)
0 31 (25) 31 (25)
0 9 (8) 9 (8)
0 12 (12) 12 (12)
0 52 (45) 52 (45)
0 4 (4) 4 (4)
0 7 (7) 7 (7)
0 1 (1) 1 (1)
0 12 (12) 12 (12)
0 13 (13) 13 (13)
13 (8) 31 (20) 44 (25)
0 2 (2) 2 (2)
0 9 (8) 9 (8)
rentheses) indicates how many of the 80 participants made this type of error.
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4.1.3.1. Visit Note (ﬁndings – 52 errors, made by 45 participants, or
61% of all participants; diagnoses – 12 errors, made by 12 participant,
or 15% of all participants). Because of the nature of the documents
used in this study, all ﬁndings and diagnoses codes pertain to the
VisitNote document only.
4.1.3.1.1. Finding, inaccurately reported, FIR (31 errors by 25 partic-
ipants, or 31% of participants). Errors in this category involve clin-
ically possible misrepresentation of a Note’s ﬁnding. The most
common type of inaccurately reported ﬁnding involved misinter-
preting the nature or misreporting the location of a symptom, or
adding a descriptor or a circumstance to the original ﬁnding. Exam-
ples of misinterpreting the nature of a symptom involve writing
‘‘new II/IV diastolic murmur is observed’’, when the observed mur-
mur is systolic, or stating that there are ‘‘problems with systolic
pressure,’’ when the note indicates ‘‘LV systolic dysfunction.’’ Cases
of misreported locations are exempliﬁed by a statement such as
‘‘his head is normal with normal carotid uptake.’’ Here, ‘‘carotid up-
take’’ is an incorrect term for ‘‘carotid upstroke,’’ or pulsation in the
carotid artery, which supplies oxygenated blood to the head and
neck, and is measured in the neck (rather than the head). Another
example of a misreported location is ‘‘one swollen foot’’ for ‘‘pedal
edema,’’ or swollen feet – a symptom that typically affects both
feet. The error was most likely caused by misinterpreting the
‘‘1+’’ shorthand descriptor of the pedal edema in the document,
which refers to the severity of edema, rather than to the number
of extremities that it affects. One example of adding incorrect
descriptors or circumstances is the statement that the patient
being described has ‘‘upper respiratory problems’’. In fact, the
Note states that the patient is recovering from pneumonia, which
is a disease of the lungs rather than the upper respiratory path-
ways. Another example is the statement that the patient experi-
ences ‘‘difﬁculty breathing when standing up.’’ According to the
Note, the patient experiences orthopnea, or severe breathing difﬁ-
culty when lying down.
Other common errors in this category involved interpreting
abnormal ﬁndings as normal, or normal as abnormal, or reversing
the direction or changing a descriptor provided in a ﬁnding. Exam-
ples of abnormal-to-normal substitutions involve stating that the
patient had healthy kidneys (the Note reports diabetic nephropa-
thy and renal failure) and normal heart noises (the Note reports
heart murmur). Normal-to-abnormal reversal is illustrated by
statements that the patient had abnormal heart rate (reported in
the Note as 75–85, which is normal) or high blood pressure (120/
60 according to the Note, again, a value within normal range).
Other types of reversals and descriptor changes are exempliﬁed
by statements that the patient had ‘‘something hard in the abdo-
men area’’ (the Note states: Abdomen: soft) and had ‘‘ﬁrm’’ neck
(the Note stated that the neck was ‘‘supple’’).
4.1.3.1.2. Finding, non-existent, FNE (9 errors by 8 participants, or 10%
of participants). Non-existent ﬁndings are clinically possible ﬁnd-
ings that represent a mere ‘‘partial’’ recall or a distortion of existing
ﬁndings. In some cases, they cannot be traced to any speciﬁc state-
ment in the Note. In other cases, it is possible to detect what infor-
mation in the Note could have given rise to them, but they
demonstrate an extreme inference or complete misunderstanding.
Eight participants made nine instances of this error. Examples in-
clude stating that the patient had ‘‘at least one foot sore’’ (perhaps,
as mentioned above, prompted by the Note statement of 1+ pedal
edema) or ‘‘orthopedic troubles;’’ suffered from pain, had ‘‘abnor-
mal nerve function’’ (a confusion of ‘‘nephropathy’’ with similarly
sounding ‘‘neuropathy’’?) or needed to urinate frequently (a ﬁnd-
ing which is potentially possible, given the diagnosis of Diabetes
Mellitus, but not actually stated in the Visit Note).
4.1.3.1.3. Finding, non-sensical, FNS (12 errors by 12 participants, or
15% of participants). Errors in this category are clinically impossi-ble, in a way that is apparent to many non-health professionals.
Examples include stating that there was ‘‘the sound of bones scrap-
ing together’’ in the lungs, the patient ‘‘was diagnosed with chronic
Coumadin’’, ‘‘had trouble breathing a green expectorant’’ or had
‘‘ﬂat jugular vein’’.
4.1.3.1.4. Diagnosis, inaccurately reported, DiaIR (7 errors by 7
participants, or 9% of participants). This coding category involves
misrepresentation of some characteristics of a diagnosis,mentioned
in the Note. The code is similar to ‘‘Finding, inaccurately reported’’,
but is a misrepresentation of an explicit diagnosis, rather than a
ﬁnding. Seven participants made seven errors in this category. Six
of seven inaccuracies occurred in reporting the cardiovascular diag-
noses, which in the text were stated as ‘‘atherosclerotic coronary
vascular disease with old myocardial infarction’’ and ‘‘ischemic
heart disease.’’ The inaccurate reports ranged from ‘‘atherovascu-
lar . . . with past myocardial infarction,’’ to ‘‘his heart seemed to be
OK.’’ One non-cardiac inaccuracy was the addition of a modiﬁer to
‘‘renal failure,’’ thus turning it into ‘‘severe kidney failure.’’
4.1.3.1.5. Diagnosis, wrong, DiaW (4 errors by 4 participants, or 5% of
participants). This error category involved attributing as a diagno-
sis a disease or a condition that was not mentioned in the original
document. All instances involved stating that the patient suffered
from neuropathy or diabetic (one specifying ‘‘diabetic neuropathy
in his feet’’). Like the errors mentioned above, these mistakes were
most probably the result of terminology confusion between simi-
larly sounding ‘‘diabetic nephropathy’’ and ‘‘diabetic neuropathy.’’
We chose to place these into the wrong diagnosis category rather
than the terminology confusion category because this error re-
sulted in the participant’s identifying a diagnosis that really ex-
isted, but was not given in the Note.
4.1.3.1.6. Diagnosis, non-sensical, DiaNS (1 errors by 1 participants,
or1% of participants). This category involved clinically impossible/
meaningless diagnoses. The one instance in this category was ‘‘art-
herosclerotic disease with terminal PL ischemia.’’
4.1.4. Errors in medication names
Jointly across sub-codes, errors in medication names comprised
the largest single error category, which included 93 errors. For the
Clinical Trial document, there were 24 errors, made by 24 partici-
pants, or 30% of the participants. For the Visit Note, there were 69
errors, made by 57 participants, or 71% of the participants. Errors
belonging to three of the subcategories, Medication, non-pre-
scribed (MedNP), Medication generic, misspelling (MedGMiss),
and Medication nature, incorrect (MedNI) were found in retellings
of both document types. The remaining error categories, Medica-
tion, brand name confusion (MedBrC), Medication, brand name
confusion (MedBrC), Medication, brand name misspelling (Med-
BrM), Medication, partial memory (MedPM) were in the Visit
Notes’ retelling only. This was the case because these categories
all pertained to errors in medications’ brand names, and the Clini-
cal Trial document did not make references to medication brands.
4.1.4.1. Medication, non-prescribed, MedNP.
4.1.4.1.1. Clinical Trial (3 errors by 3 participants, or 4% of partici-
pants). All errors in this category involved substituting one generic
medication name (acetaminophen) with another (aspirin).
4.1.4.1.2. Visit Note (14 errors by 12 participants, or 15% of partici-
pants). The most common non-prescribed medication error in-
volved referring to a medication’s purpose, when the purpose did
not correspond to anything actually described in the Note. Exam-
ples include ‘‘medicine for [the patient’s] kidneys,’’ ‘‘medication
for liver functioning problems,’’ ‘‘medication to prevent decay of
the vessels,’’ etc. Typically, though not always, the named medica-
tions were related to a condition that the patient, indeed, was re-
ported to be suffering from, such as heart, lung, and kidney
problems. There were nine errors of this type.
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medication type (‘‘an antibiotic’’), a generic name (‘‘acetometaphin,’’
participant’s spelling), or form (‘‘some nasal spray’’). The source of
these errors is not easily traceable to anything in the Note.
4.1.4.2. Medication generic, misspelling, MedGMiss.
4.1.4.2.1. Clinical Trial (19 errors by 19 participants, or 24% of
participants). Acetaminophen, the one generic medication name in
the Clinical Trial document, produced all instances of this error.
Noteworthy, each error was unique, resulting in the nineteen dif-
ferent misspellings of ‘‘acetaminophen.’’
4.1.4.2.2. Visit Note (1 error by 1 participant, or 1% of participants).
The only error in this category in the VisitNote retelling involved
misspelling ‘‘acetaminophen’’ as ‘‘acetometaphin.’’
Box 3 presents the total of 20 ways to misspell ‘‘acetamino-
phen’’ demonstrated in this study.Box 3 Twenty ways to misspell ‘‘acetaminophen.’’
acetometaphin; acedeminifin; Acetemenophen; Acetime-
fin; Astemetaphine; Acetominephin; Metamaphine; Ace-
tomenaphen; Acetominophin; Acetomenaphin;
Acetometaphin; Achetophenomin; assidamidaphine;
acetaminophens; Acetamethane; Acetametaphin; Aceta-
medaphin; Acetominaphen; Acetimenophine,
acetometaphin4.1.4.3. Medication nature, incorrect, MedNI.
4.1.4.3.1. Clinical Trial (2 errors by 2 participants, or 3% of partici-
pants). In the case of the clinical trial document retelling, this er-
ror type involved a confusion between water (H2O) and heavy, or
hydrogen-enriched, water (2H2O), as well as calling heavy water
‘‘a medicine.’’
4.1.4.3.2. Visit Note (1 errors by 1 participant, or 1% of participants).
This category involved ascribing an incorrect function to a pre-
scribed medication. The one instance of this error type involved
describing Coumadin as ‘‘sleep medication.’’
4.1.4.4. Medication, brand name confusion, MedBrC.
4.1.4.4.1. Visit Note (9 errors by 8 participant, or 10% of participants).
Errors in this category involve ‘‘swapping’’ two existing brand
names with each other, or mentioning a brand that exists, but
was not mentioned in the Note. The Note mentions prescribing Flo-
vent, a medication to treat lung inﬂammation. The most common
error involved brand names that sounded similar to Flovent,
including Flomax (commonly prescribed to treat the symptoms
of an enlarged prostate, such as difﬁculty urinating), Flonase (a cor-
ticosteroid for treating allergy symptoms), and Flovin (a ciproﬂox-
acin, an antibiotic brand not available in the US). Another example
of brand name confusion involves the statement that the patient
was prescribed Dilantin (possibly, a combination of Diovan and
Lantus, present in the Note).
4.1.4.5. Medication, brand name misspelling, MedBrMiss.
4.1.4.5.1. Visit Note (18 errors by 17 participant, or 21% of partici-
pants). This category involves spelling errors in brand names that
can be corrected by replacing or deleting one letter. Examples in-
clude misspelling Coumadin as ‘‘Cumodin’’ or ‘‘Comadin’’, or Ambi-
en as ‘‘Ambient.’’
4.1.4.6. Medication, partial memory, MedPM.
4.1.4.6.1. Visit Note (24 errors by 16 participant, or 20% of partici-
pants). This category involves errors in medication brand names,
which render the source name recognizable if one is familiar withthe Note, but which are more extensive errors than replacing or
deleting one letter. Examples include ‘‘Novil’’ for ‘‘Novolin’’, ‘‘Cour-
din’’ for ‘‘Coumadin,’’ and ‘‘Torval’’ for ‘‘Torpol.’’
4.1.5. Medical terminology
4.1.5.1. Clinical Trial (33 errors by 27 participant, or 34% of partici-
pants). This error category involved substituting a specialized
medical term with another medical or general term, or making
an error in an abbreviation. Common instances included confusing
hypoglycemia and hyperglycemia (stating that ‘‘too much sugar in
the blood’’ is called ‘‘hypoglycemia’’); confusing glucose and glyco-
gen, or glycogen and glycerin, and thus, for example, referring to
glycogen as ‘‘sugar in the blood’’; and calling the spectroscopy pro-
cedure ‘‘spectronomy,’’ ‘‘stenoscopy,’’ or ‘‘spectral chromatogra-
phy.’’ Other errors involved providing an incorrect chemical
formula for heavy water (e.g., ‘‘HC2O’’), or giving an incorrect
abbreviation for the 13C-MRS procedure.
4.1.5.2. Visit Note (16 errors by 15 participant, or 19% of partici-
pants). Incorrectly applied terms range from stating that the pa-
tient was ‘‘coughing with green expectorant’’, to calling ‘‘Diabetes
Mellitus’’ ‘‘mettice’’ and ‘‘myocardial infarction’’ ‘‘myopathic
infarction.’’ Many errors also involved an incorrect abbreviation
for ICD implant. One participant confused medication name ‘‘Lasix’’
with ‘‘Lasik’’, a surgical procedure; another wrote that ‘‘Apneia’’
was a medication name.
5. Discussion and conclusions
The objective of this study was to develop a data-driven classi-
ﬁcation scheme for lay comprehension errors, derived on the basis
of two representative medical documents, intended for patients’
reading under participatory health care model. Without being a
comprehensive taxonomy, this scheme provides a starting point
for the important task of categorizing and remediating such errors.
From a practical perspective, this work provides a description and
an insight into possible causes of several error types than can be
remediated via a combination of educational and informatics ap-
proaches. From a theoretical perspective, we provide a proof of
concept for methodological feasibility of the task. Future efforts
at developing a comprehensive taxonomy may use the combina-
tion of document retelling and content analysis, but apply it to a
broader range of document types and a greater number of docu-
ments. As our documents had little numerical data, we were not
able to elucidate common numeracy-related errors, such as prob-
lems with interpreting graphs and risk values and dosage conver-
sions. Participants in our study had above-average education
level, were healthy, and did not have an intrinsic motivation to
understand the two documents. We should also be cautious inter-
preting the results of a study where all participants were recruited
at a single academic site. At the same time, because it included not
only students and faculty, but also staff, our sample was broader
than a typical university sample. Their healthy volunteers’ status
and thus insufﬁcient motivation could increase the number of
comprehension errors, while the level of education had the poten-
tial of decreasing it. Future studies should draw upon a more di-
verse sample of participants, which would include more
variability of demographic characteristics and health status.
Besides the narrow scope, limitations of our study involve some
overlap between categories. For example, confusion between two
similarly sounding terms, such as hypoglycemia and hyperglyce-
mia – most likely caused by the lack of familiarity with profes-
sional medical terminology – was categorized as a terminology
error. Statements that demonstrated lack of understanding of sci-
entiﬁc concepts (e.g., functions of hormones and the role of insulin
in sugar metabolism) were classiﬁed as errors in clinical concepts.
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explanations often constitute errors, they also often underlie or
cause errors in statements about ﬁndings, diagnoses, and proce-
dures. When a participant says that the patient had been diagnosed
with ‘‘diabetic neuropathy,’’ this confusion of ‘‘nephropathy’’ and
‘‘neuropathy’’, classiﬁed as an error in diagnosis, is likely to be
caused by the lack of terminological knowledge. Similarly, insufﬁ-
cient biological knowledge and non-normative beliefs (or theories)
of health and disease not only clearly underlie errors in clinical
concepts, but may also be at the root of ﬁndings and diagnosis-re-
lated errors. This blurring of categorical borders in our scheme is
related to the difﬁculty in distinguishing between the two aspects
of errors, as described by JCAHO [40], (1) things that go wrong and
(2) reasons why this happens. The difﬁculty is methodological and
relates to the nature of the task, that is, reading comprehension. In
comprehension, causes of errors are largely cognitive, related to
lapses in memory and attention and insufﬁcient knowledge. How-
ever, the outcomes are also cognitive (e.g., accuracy of verbal an-
swers). As a result, distinguishing between the cause (speciﬁc
health beliefs and theories or lack of terminology knowledge)
and the effect of a misunderstanding (e.g., incorrectly recalled
diagnosis or misuse of a medical term in an explanation of a dis-
ease mechanism) is more difﬁcult than in medical errors that in-
volve actions (e.g., administering a wrong medication with a
similarly-sounding name, due to terminology confusion). This also
results in a scheme where categories differ in their ‘‘depth’’, as
some error classiﬁcations are likely to be related to lay beliefs
and theories, while others (e.g., misspellings) may be more
straightforward in their origins. A two-dimensional taxonomy, dis-
tinguishing between the causes of errors and the errors them-
selves, would address the issue of overlap, but developing it is
challenging for the same reasons that cause the existing overlap.
The existing classiﬁcation scheme has some insights for devel-
opment of electronic medical documents. While PHRs and other
online consumer health resources have the potential of improving
patients’ and consumers’ experience with participatory healthcare,
ﬁndings of this study suggest that lay people need support compre-
hending medical documents and, by extrapolation, authoring doc-
uments. Even in this group of highly educated participants,
comprehension errors were frequent. They were also broad in
scope, including understanding of research conventions, biomedi-
cal concepts, medical facts, and professional medical terms. Due
to the largely narrative nature of our documents, we did not record
many numeracy-related errors, but work by other authors suggests
that problems with numeric conversions (e.g., dosages) and data
representations are also common [43]. The diverse range of error
types suggests that informatics support to document comprehen-
sion should be multi-faceted, and at the same time tailored to spe-
ciﬁc problems. At the present time, most tools are directed at
translating professional medical terminology into consumer-
friendly terms (e.g., [27]). This appears to be necessary, but not suf-
ﬁcient: EHR/PHR and informed consent documents also need con-
textually relevant educational materials, easy to read summaries of
ﬁndings and their interpretations, explanation of ranges and values
of tests results, glossaries of medications’ names, and more.
While working on improving laypeoples’ experience with med-
ical documents, it is also important for informaticians and educa-
tors to remember that making patients’ understanding of the
documents mirror that of their healthcare providers is neither real-
istic, nor desirable. In the absence of specialized biomedical knowl-
edge and clinical experience, laypeople will ascribe different level
of importance to different statements, remember different facts,
and organize information differently. The goal of lay comprehen-
sion support is not to position patients as professionals, but to en-
able them to work with professionals in the most effective way
possible. We should also keep in mind that differences in lay andprofessional views on treatment and care should not be reduced
to patient comprehension errors. Patients and healthcare profes-
sionals have different models of health and disease, which may
produce somewhat discrepant value and belief systems. Physi-
cians’ reasoning and decision-making is guided by the ‘‘disease
model,’’ in which health problems are prominently connected to
pathophysiological mechanisms. Patients, on the other hand, are
guided by the ‘‘illness model,’’ which may include a combination
of formal knowledge, naïve health concepts (‘‘folk biology’’), per-
sonal experience, and social and emotional implications of the dis-
ruption of normal routines caused by the illness [68]. While
discussing patient–provider communication across these different
belief systems is beyond the scope of this work, it is important to
be aware that not all misunderstandings can be corrected via infor-
matics support of ‘‘plain language’’ in medical documents.
This study classiﬁed participants’ comprehension errors into
nine categories and 23 subcategories; there are other possible error
types that were not elucidated here because of the nature of the
two documents. Not all error types are equally critical for compre-
hension and not all are likely to have similar impact on health
behavior and decision making. Of the errors in this study, the
one raising the most concern is interpreting the aim of the clinical
trial. Although the purpose of the trial was phrased in the docu-
ment as ‘‘to establish a new assessment method for glycogen
metabolism,’’ it was frequently misconstrued as developing treat-
ment. Twenty-nine of the eighty participants made that error; an-
other twelve participants misinterpreted the purpose of the trial
without deﬁning it as treatment. Participants in our study were
healthy, well-educated individuals, who were reading the descrip-
tion of the trial in a comfortable emotional state, without the over-
whelming anxiety that would accompany a bad diagnosis given to
themselves or to a loved one. If these people had difﬁculty under-
standing the trial’s objectives, we should expect similar or greater
difﬁculty in the general population of patients and caregivers. Mis-
understanding objectives of clinical trials and routine procedures is
likely to lead people to enroll into trials without true informed con-
sent or seek inappropriate treatment. It may also lead to a targeted
population missing information about trials of potential interest: if
lay people do not understand the research purpose of trial descrip-
tions, they are not likely to bring those trials to their physicians’
attention and ask whether the trials are right for them. While
pre-empting this error is critical, it is also challenging without
careful one-on-one involvement with a health professional. At-
tempts to explore informatics solutions may rely on cognitive sci-
ence research of the impact of text signals (e.g., bullets, section
headings, color highlights) on comprehension and attempt to use
these signals to make research objectives more prominent. The
problem of misunderstanding research objectives, however, cannot
be corrected by information alone, as it is likely to be tied to the
public’s lack of understanding of clinical research objectives and
conventions. This study suggests the importance of discussing
the rationale behind clinical research, beneﬁts to society vs. direct
beneﬁts to participants, and different types of research studies
(e.g., interventional vs. observational) in health and science
education.
Another error category, common in this study, involved medica-
tion-related errors. Twenty-four of eighty participants made med-
ication errors when reading the clinical trial document; 57 of 80
made themwhen reading the visit note. Most errors had to do with
medication names, particularly with misspelling and confusing
brand names of medications. One of the limitations of this study
is that it is impossible to ascertain whether the misspellings were,
indeed, knowledge errors (participants did not know how to spell
the name) or attentional slips resulting in typographic errors.
While we are not aware of research into consumers’ confusion of
medication names, as opposed to confusion in pharmacies [69]
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rors ensures that the phenomenon is well-studied in the medical
literature that focuses on health professionals. For example, Kocz-
mara and Hyland [70] report on confusion of two particular drug
names – Plavix and Pradax – and the implications for critical care
nursing. Senger et al. [71] write about drug misspellings as an
information retrieval problem in Heidelberg University’s drug
information system, describing error types as cognitive, phonetic
and typographic, with typographic the most problematic. ‘‘Look-
alike, sound-alike’’ (LASA) errors are deﬁned by Basco et al. [72]
as ‘‘the erroneous prescription or delivery of a drug because the
name of the drug (generic or brand) is similar in appearance to
or sounds like another drug’’. Not surprisingly, lay people have dif-
ﬁculty with aspects of medication names that are challenging to
health professionals, and need help distinguishing among simi-
larly-sounding medications and dealing with spelling of medica-
tion names. In most consumer interactions with medication
names lay individuals have to state medication names orally or
recognize their spelling by professionals, rather than spelling the
names themselves. However, commonality of look-alike, sound-
alike medication names suggests that the issue requires further
investigation. It is tempting to speculate about the role played by
DTC (direct to consumer) marketing of pharmaceuticals in the
behavior of our participants. Regardless, these ﬁndings have impli-
cations for consumers’ information retrieval behavior and ability to
self-educate using materials they ﬁnd online. Consumers who have
confused the Flovent they really need with the Flomax they half-
remember will be unable to make much sense of information
about either medication in any medium. Compared with under-
standing of research objectives and clinical concepts, supporting
recall of medication names is within an easier reach for informat-
ics. PHRs can include medication name spell-checkers, specify
medication function, and provide names of similarly sounding
medications and ask veriﬁcation questions.
In discussing the theoretical issues around our classiﬁcation
scheme, we mentioned some overlap between two aspects of er-
rors: the ‘‘what’’ and the ‘‘why’’ of things going wrong, or the
underlying causes and the stated inaccuracies themselves. In our
classiﬁcation scheme statements that are clearly indicative of mis-
understanding clinical concepts and not pertaining to ﬁndings,
diagnoses, devices or procedures, make up a separate coding cate-
gory. However, insufﬁcient conceptual/biological knowledge or
non-normative beliefs (theories) of health and disease are also
likely to be the reason behind many errors related to misreporting
ﬁndings and diagnoses. Knowledge of biological concepts is typi-
cally acquired over years of formal education, and is best addressed
in the K-12 educational system. Research in science education sug-
gests that solid biological knowledge, indeed, often underlies accu-
rate health reasoning and effective health information seeking
[73,74] However, when point-of-care remediation is necessary,
informatics can provide it via tailored and contextualized educa-
tional materials, exempliﬁed by Baorto et al.’s [26].
In summary, this study suggests that lay people have difﬁculty
reading medical documents, comprehension of which is essential
for meaningful participation in their care. It also suggests that er-
rors that people make can be classiﬁed into a manageable number
of hierarchical categories, which are useful for thinking about ways
to support lay users of electronic medical documents. Most com-
mon errors made by the participants in this study pertained to
understanding conventions and objectives of clinical research,
knowledge of health concepts and corresponding recall of medical
ﬁndings and diagnoses, medical terminology and spelling, and
problems with medication names. Future research will ﬁne-tune
these categories and identify new challenging areas, supporting
tools for helping patients and consumers dealing medical
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